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PREFACE 
This report was prepared by Lockheed Electronics Company, Houston Aerospace 
Systems Division, under contract NAS 9-12200, Project Work Order 63-0117-5704, 
and issued at the Manned Spacecraft Center, Houston, Texas. 
Acknowledgements are due to P. Gosden and E. Mager for observations on the 
Wild T-4 Goniometer and to E. Reynolds for preparing the input data for 
the computer runs. 
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1. 0 INTRODUCTION 
Finite-focused lunar surface 60 mm Hasselblad Cameras for Apollo 
Mission 16 were calibrated on the Wild T-4 Goniometer according to 
the procedure described in the Technical Report, "A Procedure for 
the Calibration of Finite-Focused Cameras by Wild T-4 Goniometer", 
LEC/HASD No. TR-676-43-0l, dated March 24, 1971. 
The calibration gives the principal distances to the film plane and 
to the reseau plane, calibrated principal distance, the corresponding 
radial lens distortion, and the location of the principal point with 
respect to the built-in reseau. Due to the limitation of the pro-
cedure and the modified Hi.ld T-4 Goniometer it was not possible to 
locate the principal point when the detented focus was set at six 
feet. 
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2. 0 SUMMARY OF CALIBRATION OF APOLLO 16 LUNAR SURFACE CAMERAS FOCUSED 
AT NOMINAL DISTANCES OF 50 FT, 10 FT, AND 6 FT 
2.1 Hasselblad S/N 1023 (with reseau) Fitted With Carl Zeiss 
Biogon 60 mm Lens #2586546 
2 
CAMERA CALIBRATION 
USING WILD T-4 GONIOMETER 
DATE: __ 12_,_/_27.:....~-/~7..;.:.1 __ 
CAHERA: Hasselblad S/N 1023 (with reseau) 
LENS: Carl Zeiss Biogon. (60 mm) 258654? 
' 
SETTINGS: Aperture F:5.6 
Detented Focus Distance = 50 ft (nominal) 
1. Principal Distance = 61.407 + .009 mm 
2. Calibrated Principal Distance = 61. 404 + . 003 mm 
3. Radial Lens Distortion: 
Radial Radir-'.1 Lens Dis tort ion d ( rr''rl) 
Distance Diagonal I m.e.R;onal I.L Average 
r (mm) Left Limb Hie;ht Limb Lei"t Limb ' .r;i r:ht Limb 
0.0 .000 .000 .000 .000 (*) 
3·5 -.001 .001 .001 -.001 
7-1 -.004 -.001 -.003 .000 
10.6 -.004 .000 .000 .000 
14.1 -.001 -.002 -.001 -.002 
17.1 -.002 .001 -.003 -.002 
21.2 -.003 -.004 -.002 -.001 
24.7 -.002 -~003 -.003 -.004 
28.3 -.001 -.004 -.004 -.-001 
31.8 .002 -.001 .003 . 000 
.oo4 .000 .001 -.002 35.4 
(*) The lens is considered distortion free because the distortion values are 
within the noise level of measurements on the Wild T-4 Goniometer. 
NOTE: Standard deviation of pointing at a target with the Goniometer Telescope 
is about ~5 sec of arc (approximately~ 2 ~m in the image plane). 
3 
·--A least squares curv9-fi ttinr; to the distortion values was carried 
out according to ti1(! r'onuUJ.I:i: 
= ~ r + k r3 + k r5 + '"1 3 5 
\Jherc, o = distortion ( m:n) 
r = radial distance (mm) 
and, k11 ~3 , k 5 ... = distortion coefficients 




--Location of the Princip,"ll Point, PP, (with respect to the built-in 
reseau): 
A. Princip3l Distance (inner lens node to the reseau plane) 
}3. Prind}-•::.1 Po::lnt Location 
/ 
== . 000 + .016 (mm) 
y = .035! .018 (mm) 
4 
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Axes defined by the 
reseau crosses . 
Radial 
Distance 
r ( tnm) 
Radial T.ens Distortion d ( r:lm) 
Average Dia~o~al T I Dia~cnal TI 
RiP:ht Limb 
0.0 .000 .000 .000 .. 000 (*) 
3·5 .000 -.003 .001 -.001 
7.1 -.003 -.002 -.003 .000 
10.6 -.002 -.002 .001 .000 
14.1 .002 -.003 -.001 -.002 
17.1 -.001 -.003 -.003 -.002 
21.2 -.002 -.007 .002 -.001 
24.7 -.002 -.003 -.001 -.004 
28.3 .001 -.003 .004 -.001 
31.8 .002 .000 .004 .000 
35.4 .006 . 003 .004 -. 002 . 
C.Al-fERA. CALIBRATION 
USING 'HILD T-4 Gt.liTOHETER 
. 
DATE: _ _..1=2;;.J.../...;:;;2..._7 /._.7...=;1'---
CAMERA: Hasselblad S/N 1023 (with reseau) 
LENS: Carl Zeiss Biogon (60 mm) 2586546 
SETTINGS: Aperture F:5.6 
Detented Focus Distance = 10 ft (nominal) 
1. Principal Distance = 62.332 ~ .026 mm· 
2. Calibrated Principal Distance = 62.340 ~ .012 mm 
3. Radial Lens Distortion: 
(*) Tne lens is considered distortion free because the distortion values are 
within the noise level of measurements on the Wild T-4 Goniometer. 
NOTE: Standard deviation of pointing at a target with the Goniometer Telescope 
is about+ 5 sec of arc (approximateiy ~ 2 ~min the image plane). 
5 
~-A lcn~t so\lares curve-fittin~ to the distortion values vas carried 
out according to the r'onr.uHJ.: 
It = :YJ.r + k 3r 
3 + l' r5 '5 + . . . . 
vherc, 0 = distortion (m:n) 
r = radial distance (mrn) 
and, kl, ~3'. k5 ... = distortion coefficients 




--Location of the Principal Point, PP, (vith respect to the built-in 
reseau): 
A. Princi~3l Distance (inner lens node to the reseau plane) 
B. Princi :t-·3.1 Point Locat:i on 
x = -.013 ~ .009. (mm) 
y = .124 + . 008 (mm) 
6 
0 




Axes defined by the 
reseau crosses. 
CAMERA CALIBRATION 
USING WILD T-4 GONIOMETER 
DATE: _.:.::..l2..J../_27"-'-/...:.7.:.::..l __ 
CAMERA: Hasselclad S/N 1023 (with.reseau) 
LENS: Carl Zeiss Biogon (60 mm) 2586546 
SE'ITINGS: Aperture F: 5. 6 
netented Focus Distance = 6 ft (nominal) 
1. Principal Distance = 63.011 ~ .025 mm 
2. Calibrated Principal Distance = 63.016 ~ . 012 mm 
3· Radial Lens Distortion: 
Radial Rad:ial Ijens Distortion d ( r:'.m) 
Distance Dia~onal I D:iagona1 II Average 
I r (mm) Left Limo Rig~nt Lim·o Le:tt Lirr,b Hight Limo 
0.0 . ()00 .000 .000 .000 . ( *) 
3·5 -.001 .000 .002 -.001 
7.1 -.003 -.001 -.002 .000 
10.6 -.003 .002 .000 .000 
14.1 -.000 -.001 -.002 -.002 
17.1 -.003 .001 -.005 -.002 
21.2 -.002 -.001 -.002 -.001 
24.7 -.003 -.001 -.004 -.004 
28-3 -.002 -.002 -.003 -.001 
31.8 .002 -.000 .002 .000 
35.4 .003 .000 .002 -.002 
(*) The lens is considered distortion free because the distortion values 
are within the noise level of measurements on the Wild T-4 Goniometer. 
NOTE: Standard deviation of pointing at a target with the Goniometer Telescope 
is about + 5 sec of arc (approximately _::: 2 pm in the image plane). 
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2.2 Hasselblad S/N 1033 (with reseau) Fitted With Carl Ziess 
Biogon 60 mm Lens #2586540 
8 
Radial R9.di al I1ens Djstortion d ( r;;m) 
Distance Diap;onal I Diarwna1 II Average 
r (mm) .Left Limb Right Limb Left Limb ' Eight Limb 
o.o .000 .000 .000 .000 (*) 
3·5 -.003 .001 .000 -.002 
7-1 -.004 .000 -.004 -.003 
10.6 -.004 .001 .001 .001 
14.1 .000 .000 -.002 .000 
17-1 -.003 -.001 -.003 -.003 
21.2 -.002 -.004 -.001 -.003 
24.7 -.004 -.004 .000 -.002 
28.3 -.002 -.003 .004 -;oo2 
31.8 -.001 -.001 . 004 .001 
35.4 .003 .004 -.001 .003 
CAHERA CALIBRATION 
USING WILD T-4- GOIITOHETER 
CAMERA: Hasselblad S/N 1033 (with reseau) 
LENS: Carl Zeiss Biogon (60 mm) 2586549 
SETTINGS: Aperture F:5.6 
DetentedFocus Distance = 50ft (nominal) 
1. Principal Distance = 61.458 ~ .008 mm . 
DATE: 
2. Calibrated Principal Distance = 6L 456 ~ . 003 mm 
3· Radial Lens Distortion: 
12j27 /rl 
(*) The lens is considered distortion free because the distortion values 
are withi.n the noise level of measurements on the Wild T-4 Goniometer. 
NOTE: Standard deviation of pointing at a target with the Goniometer Telescope 
is about+ 5 sec of arc (approximately~ 2 ~min the image plane). 
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13. Princi }-<ll I'o5 nt Location 
0 
0 Lens Node (inner) 
CT Centra-l Target 
X ' y Axes defined by the reseau crosses. 
::: -.020 + .014 (mm) 
y = .136 ~ . 013 (mm) 
·--A least sotnres curv~-fi ttinr, to the distortion values was carried 
out accor;Jing t.o ti1C! r'orrnu.La: 
0 = }· r + '1. k 3r 
3 + k r5 
5 
+ . • . . 
\.'here, 0 = distortion (m:n) 
r = radial distance (mm). 
and, kv k3' k5 ... == distortion coefficients 
The distortion coefficient~ are: 
kl = 
k3. = -' .. 
k5 = -
--Location of the Princip~l Point, PP, (\lith respect to the built-in 
reseau): 
A. Principal Distance (inner lens node to the reseau plene) 
10 
CA.HERA CALIERATION 
USING vliLD T-4 G~HIOl•1ETER 
CAMERA: Hasselblad S/N 1033 (with reseau) 
LENS: Carl Zeiss Biogon (60 mm) 2586540 
SNITINGS: Aperture F: 5.6 
Detented Focus Distance = 10 ft (nominal) 
1. Principal Distance = 62.409 ~ .020 mm 
DATE: 
2. Calibrated Principal Distance = 62.397 + .015 mm 
3. Radial Lens Distortion: 
Radial Rad:Lal. Lens Distortion d ( r:l:n) 
Distance Diao;onal I Diarronal i_I 
r (mm) Left Lj.r;}b Hit;ht Lirrrb Left Lisb ' Rir:l1t Lirnb 
0.0 .000 '.·ooo .000 ·.000 
3-5 -.003 .001 .. 000 -.002 
7.1 -.004 .000 -.005 -.003 
10.6 -.004 .000 -.003 .001 
14.1 -.002 -.003 -.003 .000 
17.1 -.004 .000 -. 007 -.003 
21.2 -.004 -.005 -.004 -.003 
. 
24.7 -.002 -.003 -.004 -.002 
28.3 .000 -.003 -.008 -.002 
31.8 .002 .001 .001 .001 













NOTE: 1. The significant differences in the distortion values along various 
limbs is due to decentering lens distortion. The Goniometer method 
does not separate this distortion from the radial lens distortion. 
2. Standard deviation of pointing at a target with the Goniometer Tele-
scope is about + 5 sec of arc (approximately~ 2 Mm in the image plane). 
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Axes defined by the 
reseau· crosses. 
·--A lenst sou8re!':' curv~-fi ttinG to the distortion values vas carried 
out according to the l'onnu;.E:l.: 
'Where, o = distortion ( t:1.'11) 
r = radial distance (mm) 
and, k1 , ~3 , k5 ... = distortion coefficients 
The distortion coefficient~ are: 
kl = -2.31-05738xlo-
4 




--Location of the PrincipC~l Point, PP, (with respect to the built-in 
reseau): 
A. Princi~a) Distance (inner lens node to the reseau plane) 
x = -. 009 ~ . 026 . ( mm) 
y = (mm) 
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Radial Radial Lens Distortion d ( rrm)_ 
Distance Diagone.l I Diagonal II Average 
r (mm) Left Limb Hir::ht Limb Left Limb Hight Limb 
. 
0.0 .GOO .000 .000 .000 .. 000 
3-5 -.001 • 001 .001 .001 .001 
7-l -.002 .000 -.004 -:oo1 -.002 
10.6 -.004 .000 -.004 -.001 -.002 
14.1 .001 -.003 -.006 .002 -.002 
17.1 -.002 .000 -.006 -.004 -.003 
21.2 .000 -.005 -.006 -.004 -.004 
24.7 -.002 -.003 -.003 -. 007 -.004 
28.3 .001 -.003 -.002 .001 -.001 
31.8 .003 .001 .006 .005 .004 
35.4 .008 .005 .000 .011 .006 
CAMERA CALIBRATION 
USING WILD T-4 GONIO:t-.1ETER 
CAMERA: Hasselblad S/N 1033 (with .reseau). 
LENS: Carl Zeiss Biogon (60 mm) 258654~ 
SETI'INGS: Aperture F: 5. 6 
netented Focus Distance == 6 ft (nominal) 
1. Principal Distance == 63.113 2. . 022 mm 
DATE: 
2. Calibrated Principal Distance = 62.653 + .034 mm 
3· Radial Lens Distortion: 
12/27/71 
NOTE: l. The significant differences in the distortion values along various 
limbs is due to decentering lens distortion. The Goniometer method 
does not separate this distortion from the radial lens distortion. 
2. Standard deviation of pointing at a target with the Goniometer 
Telescope is about + 5 sec of arc (approximately 2. 2 ~m in the 
image plane) • -
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·--A least square~ c:urv0-fi ttin;-: to the distortion values vas carried 
out uccoroing to the r'orr:iuia: 
0 1-J.r + 3 + k r5 + = k3r . 5. 
l 
vhere, 0 = distortion ( 1:1.'!1) 
r = radial distance ( rnrn) 
and, k1 , 1~3 , 'k5 . . = distortion coefficients 
The distortion coefficient!i are: 




2.3 Hasselblad S/N 1037 (with reseau) Fitted With Carl Zeiss 
Biogon 60 mm Lens #5081618 
15 
Radial ~) '0\(' <J} Lens D:!.stc:rtion d ( r-:1"1) 
Distance Dia.:: 0::' .l I lJia,eronal j_j_ 
r (mm Left -· Lirr.b R:".s;:ut Limo I LelT Lim-o }{i;=(ht Limb 
o.o .000 .000 .000 .000 
3·5 -.001 
~ 
,\ -.001 .001 -.001 
7.1 .000. .001 -.001 -.001 
10.6 -.002 .002 .001 -.001 
14.1 .000 .001 .001 -.001 
17.1 -.001 .001 .001 -.002 
21.2 -.001 .000 -.001 .000 
24.7 .000 .001 -.001 -.001 
28.3 -.001 .000 -.002 -.001 
31.8 -.001 .000 .000 .000 




USING lliLD T-4 GONIOMETER 
CAMERA: Hasselblad S/N HJ37 (with Reseau) 
LENS: Carl Zeiss Biogon :.o mm) 5081618_ 
SETI'INGS: Aperture F: '5. 
Detented Focus Distar:.:!e = 50 ft (nominal) 
1. Principal Distance ~ 61.537 ~ .012 mm 
DATE: 
2. Calibrated Principal Jistance = 61.550 + .028 mm 
3· Radial Lens Distor:~i n: 
12/27/71 
(*) The lens is cons;dered distortion free because the distortion values are 
within the noise level of measurements on the Hild T-4 Goniometer. 
NOTE: Standard dev_~tion of pointing at a target with the Goniometer Telescope 
is about + 5 sec of arc (approximately~ 2 ~min the image plane). 
16 
B. Princi }·al Point Loca "'.:.ion 
/ 
0 




Axes defined by the 
reseau crosses. 
·--A 1enst squares curv(O-fi t tint; to the distortion values 'WaS carried 
out accora.ing to t.i18 J'onnuia: 
'Where, o = distortion (m:n) 
r = radial distance (a~) 
and, distortion coefficients 




--l..ocation of the Principal Point, PP, (vi th respect to the built-in 
reseau): 
A. Princiral Distance (inher lens node to the reseau plane) 
= 61.376 ~ .026 mm 
x -- -. 087 _::: . 022 . ( mm) 
. o49 ~ . 021 ( mrn) 
. 17 
Radial Radial I,ens Di.stortion d ( r:1rn) 
Distance Diag;on3.1 I Diar;ona1 II Average ~--~~~~~~--~~~~~~~~~~~~--~~ 
r ( mm) Left Li2",b Right Limb I Left L~ rifb 1Ught L:i rub 
o.o .000 .boo .000 .. ooo .ooo 
3·5 -.001 .001 .. 000 .001 .000 
7.1 -.002 .001 -.006 .001 -.002 
10.6 -.002 .002 -.003 .000 -.001 
14.1 .001 -.001 -.005 -.001 -.002 
-.002 -.001 -.007 -.001 -.003 
21.2 -.002 -.004 -.007 -.001 -.004 
24.7 -.004 -.001 -.006 -.004 -.004 
28-3 -.002 -.002 .000 -.002 -.002 
31.8 .001 .000 .001 .003 • 001 
35.4 . 002 .004 .006 • 005 . .004 
N01~: Standard deviation of point at a target with the Goniometer Telescope 
is about + 5 sec of arc (approximately~ 2 ~min the image plane). 
001ERA CALIBRATION 
USING HILD T-4 GONI01>1ETER 
CM1ERA: Hasselblad S/N 1037 (with reseau) 
LENS: Carl Zeiss Biogon (60 mm) 5081618 
SETTINGS: Aperture F:5.6 
Detented Focus Distance = 10 ft (nominal) 
1. Principal Distance = 62.562 ~ .008 mm 
DATE: 
2. Calibrated Principal Distance = 62.560 ~ .005 mm 
3· Radial Lens Distortion: 
18 
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Axes defined by the 
reseau· crosses. 
·--A }eRst square~ cm·v0-fi ttin~ to the distortion values vas carried 
out accora.ing to ti10 l'ormuiu: 
0 ::: k1r + 1~3r3 + k 5r5 + . . . . 
\lhere, 0 ::: distortion (m:n) 
r ::: radial distance (rum) 
and, k1 , ~3 , k5 ... ::: distortion coefficients 
The distortion coefficientG. are: 
kl ::: -1. ql48543xl0-
4 
k3 ., -1. 2293926x10-7 
kr: == 2.812966lxlo-10 
--Location of the Principal Point} PP, (\lith respect to the built-in 
rcseau): 
A. Princiral Distanc~ (inner lens node to the reseau plane) 
B. Princi}--•3.1 Point I.Dca tion 
/
X == -.085 + .010 (rnm) 





Radi2l J.ens Distortion d ( m'!l) 
Average Dia~cmal I Dia:::onal II 
Lel'-c Lirnb 
o.o ;000 .000 .000 .000 .. 000 
3·5 -.004 .001 .002 -.004 -.001 
7-l -.003 -.001 -.002 -.005 -.003 
10.6 -.005 .001 .001 -.003 -.002 
14.1 -.001 -.003 -.002 .-.001 -.002 
17.1 -.006 .004 -.002 -.009 -.003 
21.2 -.002 -.004 -.006 -.003 -.004 
24.7 -.003 -.002 -.001 -.004 -.003 
28.3 -.005 -.002 .000 .003 -.001 
31.8 .002 .003 .001 .005 .003 
35-4 .004 .006 .006 .009 .oo6 
CAMERA CALIBRATION 
USING \ULD T-4 GONIOMETER 
DATE: __ 12.......,/_2~7 /'-'7_1 __ 
CAMER4: Hasselblad S/N 1037 (with reseau) 
LENS: Carl Zeiss Biogon (60 mm) 5081618 
SETI'INGS: Aperture F:5.6 
Detented Focus Distance = 6 ft (nominal) 
. 1. Principal Distance = 63.328 ! • 022 mm . 
2. Calibrated Principal Distance = 63.326! .033 mill 
3· Radial Lens Distortion: 
NOTE: 1. 
2. 
The significant differences in the distortion values along various 
limbs is due to decentering lens distortion. The goniometer method 
does not separate this distortion from the radial lens distortion. 
Standard deviation of pointing at a target with the Goniometer 
Telescope is about + 5 sec of arc (approximately! 2 ~m in the 
image plane). -
20 
·--A 1ear:t souarc: curv~-fi ttinr; to the distortion values was carried 
out accoraing to ti1~ I'ormu1.a: 
. . 
where, o = distortion ( m:n) 
r = radial distance (~) 
and, k1 , ~3 ,:k5 ... = distortion coefficients 








2.4 Hasselblad S/N 1039 (with reseau) Fitted With Carl Zeiss 
Biogon 60 mm Lens #5081608 
22 
CAMERA CALIBRATION 
USING WILD T-4 GOlifiO:t<lETER 
CAMERA: Hasselblad S/N 1039 (with reseau) 
~~S: Carl Zeiss Biogon (60 mm) 50816oa 
SETTINGS: Aperture F:5.6 
Detented Focus Distance = 50 ft (nominal) 
1. Principal.Distance = 61.662 + .006 mm 
DATE: 12/27/71 
2. Calibrated Principal Distance = 61.743 + .014 mm 
3· Radial Lens Distortion: 
Radial Radial I.! ens Dirtortion d ( ~ 
Distance Dia;:o:onal I Dir_:;onal 
r ( m.m) Left Limb Right Limb Left Lim-o 
0.0 .000 .000 .000 
"':n) --- 1 
li Average . Ricz:ht Limb 
.000· ( '"") 
.002 -.001 3·5 .003 .002 
7.1 .002 .000 .001 .003 
10.6 .002 .001 .003 
. 
.002 
14.1 .005 .001 .002 .003 
17.1 .000 .001 .003 .001 
21.2 .001 -.001 • 003 .001 
-.001 -.001 24.7 .004 -.002 
28.3 -.003 -.001 -.002 -.001 
31.8 -.003 -.001 .002 -.005 
-.007 .000 35.4 .000 -.006 
(*) 1~e lens is considered distortion free because the distortion values are 
within the noise level of measurerhents·on the Wild T-4 Goniometer. 
NOTE: Standard deviation of pointing at a target with the Goniometer Telescope 
is about + 5 sec of arc (approximately~ 2 ~min the image plane). 
23 
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Axes defined by the 
reseau· crosses. 
·--A least squ0rc::: curv~-fi ttinG to the distortion values vas carried 
out according to th(! I'ormu.J..a: 
0 ::: :r-'1. r + k3r 
3 + k5r5 + . . . . 
"Where, 0 = distortion ( m.11) 
r ::: radial distance (mm) 
and, kl, ~3' k5 ... = distortion coefficients 




--Location of the Principal Point, PP, (with respect to the built-in 
rescau): 
A. Principal Distance (inner lens node to the reseau plene) 
B. Princ:i}.-•31 Point Location 
-.172 ~ .037. (rmn) 
y ::: .180 + .035 (mm) 
24 
Radial Radie.J Lens Dist(~rtion d ( r:~rn) 
Distance 
r ( ITJ..c'Il) 
0.0 • 000 .,000 .000 .000 (*) 
.000 .000 • 002 3·5 -.001 
7.1 -.001 .000 .001 .002 
10.6 • 002 .003 .005 .002 
J4.l .002 .003 .005 .003 
.002 .003 .003 .003 
21.2 .003 .000 .006 .002 
.002 .000 .004 .002 
28.3 .000 -.001 .005 .003 
3l. 8 • 000 -.001 .002 -.001 
.000 35.4 -.003 -:002 _ _l -. 005. 
-------·· 
CAMERA CALIBRATICN 
USING WILD T-4 GONICt-1ETER 
CAMERA: Hasselblad S/N 1039 (with Teseau) 
LENS: Carl Z~iss Biogon (60 mm) 5081608 
SE'ITINGS: Aperture F: 5· 6 
Detented Focus Distance- = 10 ft (nominal) 
1. Principal Distance = 62.491 ~ .028 mm 
DATE: 
2. Calibrated Principal Distance = 62.491 + .014 mm 
3. Radial Lens Distortion: 
12/27/71 
(*) The lens is considered distortion free because the distortion values 
are ¥Ti thin the noise level of measurements on the Vlild T-4 Goniometer. 
NOTE: Standard deviation of pointing at a target with the Goniometer Telescope 






Lens Node (inner) 
Central Target 
A~es defined by the 
reseau· crosses. 
·--A least squqres curve-fi ttin;-; to the distortion values was carried 
out according to the r'orrt.u1.a~ 
0 = ):J.r + k r3 3 + 
k
5
r5 + . . . . 
-where, 0 = distortion ( Ut'11) 
r = radial distance ( mrn)_ 
and, k1 , ~3 , k5 ... = distortion coefficients 




--Location of the Principal Point, PP, (with respect to the built-in 
reseau): 
A. Princiral Distance (inner lens node to the reseau plane) 
= 62.391 ~ .046-mm 
B. Princi}-•3.1 Po:int Locat:ion 
x = -.165 ~ .025. (mm) 
y = • 216 ~ . 023 (mm) 
26 
Radial Radial Lens Distortion d ( r;_'-!!\ . 
I)j_sta!l.ce n·.i q::(·lnr:_·l. I TJ:.~:-:-,·='r!?.:L n Average 
·-~--~' .... 4 
r (mm2 Lei't Limb !~sht Limb Left Li~b j Ri_g i--- t I 
I 
0.0 .000 ,· QOO • 000 .000 (*) 
-.002 • 002 .002 -.001 3·5 
7 .l -.001 .001 .001 .001 
10.6 .000 .005 .004 .002 
14.1 .002 .003 .003 .003 
17 .l .001 .003 .001 .003 
21.2 .003 .000 .003 .002 
24.7 .001 .001 .003 .002 
28.3 .000 -.001 .000 .003 
31.8 -.001 .000 -.001 -.001 
35.4 .000 .000 .000 .000 
CAMERA CALIBRATION 
USING WILD T-1~ G1JNIOMETER 
CM~RA: Hasselblad S/N 1039 (with reseau) 
LENS: Carl Z~iss Biogon ( 60 mm) 5081608 
SETI'INGS: Aperture F: 5. 6 
Detented Focus Distance- 6 ft (nominal) 
l. Principal Distance = 63.205 _:!: • 040 mm 
DATE: 
2. Calibrated Principal Distance = 62.992 _:!: • 008 mm 
3. Radial Lens Distortion: 
12/27hl 
(*) The lens in considered distortion free because the distortion values 
are within the noise level of measurements on the vlild T-4 Goniometer. 
NOTE: Standard deviation of pointing at a target with the Goniometer Telescope 
,t 5 sec of arc (approximately .:!: 2 Jl.ffi in the image plane). 
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